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Corrosion has always been a problem in the petroleum reﬁning and the petrochemical operations. The equipment of
ISOMAX unit, such as reactors, furnace tubes, valves, and pipelines are frequently performed at high temperatures and high
pressure condition. This working conditions, accelerates the failures due to corrosion. Therefore, heat- and corrosion-
resistant alloys, e.g., austenitic stainless steels, have been widely used in this unit because of their excellent corrosion
resistance, mechanical strength and toughness.
Cracking in groove of SS RTJ ﬂanges, is a critical problem in this unit. The possible reason of the RTJ ﬂanges cracking can be
attributed to one or more of the following factors [1]:(1) H* 
221
httpigh stress concentration in the groove (mechanical damage).
(2) Inherent stress in the equipment due to their layout and/or supporting arrangement (mechanical).
(3) Stress corrosion cracking caused by chlorides (Cl SCC).
(4) Stress corrosion cracking due to polythionic acid (PTA-SCC).
This paper describes failure analysis procedure of a cracked high pressure 321 SS RTJ ﬂange in ISOMAX unit. In order to get
conclusions related to crack propagation mechanisms of the ﬂange, some investigations were done on the cracked ﬂange that
is mentioned in the body of the paper.Corresponding author. Tel.: +98 2148255203.
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Table 1
The cracked ﬂange design condition.
Material Flange 600: A182-type 321
Design max temperature 612 8C
Maximum of skin temperature 585 8C
Design max pressure 213.2 barg
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Observations made during plant overhaul, by visual and liquid penetrant inspections revealed presence of cracks in the
groove of furnace outlet RTJ ﬂange. The ﬂange had been cut off for investigating about cracking causes.
Design data of the ﬂange is reviewed in Table 1.
3. Examination of cracked ﬂange
3.1. Chemical composition
The chemical composition of the ﬂange was determined by using optical emission spectroscopy (OES) method. The result
is presented in Table 2.Fig. 1. Cracks in the ﬂange can be easily seen in the picture.
Table 2
Flange chemical composition.
Element (wt.%) C Si Mn P S Cr Ni Nb Ti Fe
Flange 0.06 0.47 1.24 0.037 0.009 17.1 9.29 .021 .57 Remaining
ASTM A182 type 321 0.08 max 1 max 2 max 0.045 max 0.03 max 17–19 9–12 – a Remaining
a Grade F 321 shall have a titanium content of not less than ﬁve times the carbon content and not more than 0.70%.
Fig. 3. Microstructure of the ﬂange, electro etched with 10% oxalic acid according to ASTM E407.
Fig. 2. Interface of the cracks was grown in the ﬂange. The cracks are branched type.
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Fig. 4. The main crack with high branch and it can be seen that crack propagated transgranular in the base material.
Fig. 5. EDS results obtained from the remaining corrosion products around in the crack.
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stainless steel in ASTM A182 standard [2].
3.2. Visual examination
The ﬂange was examined by liquid penetrant test (Fig. 1).
As it has been seen in Fig. 1, after liquid penetrant test, the cracks were observed in the RTJ groove. These cracks are
propagated circumferentially in the root of the groove. To evaluate the cracks propagation and therefore cracking
mechanism, some specimens were prepared from the ﬂange in the location of the crack. During investigation of the cracks in
the ﬂange, it was observed that the main crack has originated from the RTJ groove and then it has propagated to the parent
metal in the branched form. As can be seen in Fig. 2, the cracks were branched type and were extended in the base of the
ﬂange in to about 3 cm depth.
Morphology of the main crack was investigated by metallographic examination. In order to observe the surface
microstructure of the ﬂange, a metallographic sample was ﬁrst mechanically wet ground using a 1500 grit silicon carbide
(SiC) paper, then polished with aluminum oxide (Al2O3) powder of 3 and 0.25 mm diameter, followed by electro etching
according to ASTM E407 [3]. After etching, the specimen was cleaned with distilled water and methanol, and then dried in
air. Subsequently, the specimen was examined with an optical microscopy (OM). It was observed that the surface
microstructure of the ﬂange had a typical austenitic structure, as shown in Fig. 3. The metallography of the cracked sample
revealed highly branched type of cracking which are both intergranular and transgranual (Fig. 4).
Mechanical cracks are not in nature with high branch, so the main cause of cracking cannot be mechanical. As it is
mentioned earlier the two remaining possible damage mechanisms are Cl SCC and PTASCC. The propagation of cracks in
these two mechanisms is branched type [4]. However, the cracks are propagated transgranular in Cl SCC and intergranular
in PTASCC. As it can be seen in Fig. 4, the main crack mostly propagated transgranular. Therefore according to Fig. 4 Cl SCC
mechanism is more probable rather than PTASSC.
As it known, the presence of sulfur component in the cracks tip is necessary for happening of PTASSC. Therefore, the
chemistry of the corrosion products was analyzed using electron probe micro analysis (EPMA) method in the SEM. According
to EDS result, there did not ﬁnd considerable sulfur in the corrosion product which remaining in the main crack. The EDS
result is shown in Fig. 5.
On the other hand, PTASCC is occurred when the grain boundaries are susceptible to intergranular corrosion [4].
Therefore, the susceptibility of microstructure of the ﬂange was examined according to ASTM A262 in which, the sample
after polishing is etched for about 1.5 min in a 10% oxalic acid with applying current about 1 A/cm2 [5]. Image of specimen
after etching is shown in Fig. 6. If the etched structure is compared with ﬁgures of ASTM A262, it can be concluded that the
structure is similar to step structure (Fig. 1 of the standard). These results show that microstructure of the ﬂange is not
sensitized and therefore, the cracking mechanism is not PTA-SCC.
As the morphology of the cracks is similar to Cl SCC, the source of chloride ions was investigated. Most chloride cracking
problem occurs when unexpected chloride concentrations are found in the process stream which can be in the form of
contamination from upstream processing, or those are introduced with stripping stream, process water, etc.Fig. 6. Microstructure of the ﬂange, etched in 10% oxalic acid with applying current about 1 A/cm2 according to ASTM A262.
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was evaluated according to ASTM D808 method to determine the amount of its chloride. The result showed that there was
0.1 wt.% chloride in the used grease. The entrapped chloride at the groove of RTJ ﬂange because of its geometry get
concentrated by evaporation at high operating temperature, and the subsequent cracking of the RTJ groove occurs at areas
with applied or residual stress.
Above evidences indicated that the ﬂange failed by Cl SCC due to using unqualiﬁed anti-seize grease in maintenance
procedure. So as an integrity issue, checking the chloride content of the supplied grease can be added to procedure of those
high pressure austenitic stainless steel ﬂanges that need anti-seize grease for fastening.
4. Conclusions
In conclusion, It is evidently clear from the detailed investigations made on the cracks of the RTJ ﬂange, that the failure
was due to the stress corrosion cracking (SCC) caused by the presence of chloride in the used anti-seize grease.
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